INTRODUCTION {#sec1-1}
============

Periodontitis is an inflammatory disease of the supporting tissues of the tooth caused by specific microorganisms in a susceptible host. Gram-negative anaerobic bacteria are most commonly associated in the initiation of periodontitis.\[[@ref1]\] Localized infections which are characteristic of periodontitis can have a significant effect on the systemic health of humans and animals. Just as the periodontal tissues mount an immune inflammatory response to bacteria and their products, systemic challenges with these agents also induce a major vascular response.\[[@ref2]\]

The sulcular epithelium acts as a protective barrier and prevents entry of microorganisms and other irritants into the systemic circulation. The host-microbial interaction in periodontitis leads to ulceration of sulcular epithelium. The ulcerated pocket epithelium acts as a portal of entry for the bacteria to enter the connective tissue and thus into the systemic circulation and causes bacteremia. Bacteremia has been observed in patients with periodontitis and has been directly related to the severity of the inflammation.\[[@ref3]\]

The host response may offer explanatory mechanisms for the interaction between periodontitis and a variety of systemic disorders.\[[@ref4]\] Infections, malignant cells, and autoimmune dysregulation all lead to the activation of the immune system and production of cytokines most notably tumor necrosis factor-alpha (TNF-α) and interleukin-1 (IL-1) and IL-6 (IL-6).\[[@ref5]\] Such inflammatory cytokines can depress erythropoietin (Epo) production leading to the development of anemia.\[[@ref6]\]

The disorders associated with anemia of chronic disease (ACD) are characterized by the production of certain inflammatory cytokines primarily, macrophage-derived which includes IL-1α, IL-β, IL-6, transforming growth factor-β and TNF-α. In chronic inflammatory disorders, cellular or humoral factors including TNF and IL-1 cause suppression of the bone marrow response to Epo and thus possibly contribute to this anemia.

Anemia is defined as an Hb concentration in blood below the lower limit of the normal range for the age and sex of the individual. It is usually classified as either acute or chronic. Acute anemia occurs in a quick time, and chronic anemia occurs over a long period of time.

ACD is the most common form of anemia observed in clinical medicine.\[[@ref7]\] ACD is defined as "anemia occurring in chronic infections, inflammatory conditions, or a neoplastic disorder which is not caused by marrow deficiencies or other diseases and occurring despite the presence of adequate iron stores and vitamins."\[[@ref8]\] ACD is considered the most frequent cause of anemia in rheumatoid arthritis (RA), which demonstrates a pattern of hard and soft tissue destruction caused by an inflammatory process which is similar to the inflammatory process seen in chronic periodontitis.\[[@ref9]\]

ACD is a multifactorial anemia often coexistent with iron deficiency. ACD is the second most prevalent after anemia caused by iron deficiency. It is a mild to moderate anemia associated with chronic infections, chronic noninfectious inflammatory diseases, and malignancies.\[[@ref10]\] The anemia develops after a month or two of active disease.

Classification of anemia {#sec2-1}
------------------------

Anemia can be classified from three points of view: Pathogenesis \[[Table 1](#T1){ref-type="table"}\], red cell morphology \[[Table 2](#T2){ref-type="table"}\], and clinical presentation. All are important to guide the diagnosis. Pathogenic mechanisms involved in the production of anemia are very simple: Inadequate production and loss of erythrocytes as a result of bleeding or hemolysis. Based on these pathogenic mechanisms, anemia can be divided into two types. (1) Hypo-regenerative: When bone marrow production is decreased as a result of impaired function, decreased a number of precursor cells, reduced bone marrow infiltration, or lack of nutrients; (2) regenerative: When bone marrow responds appropriately to a low erythrocyte mass by increasing production of erythrocytes.

###### 

Etiopathogenic classification of anemia
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###### 

Morphological classification
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Anemia also can be classified according to the form of clinical presentation as acute (usually bleeding or hemolysis) or chronic.

Anemia can be classified as microcytic, normocytic, or macrocytic depending on mean corpuscular volume (MCV).

Morphological classification {#sec2-2}
----------------------------

The present study was carried out to evaluate the relationship between anemia and periodontitis by estimation of peripheral blood in relation to the number of erythrocytes, hemoglobin (Hb) concentration, erythrocyte sedimentation rate (ESR), MCV, mean corpuscular Hb (MCH) and MCH concentration (MCHC) in Healthy controls, chronic generalized gingivitis and chronic generalized periodontitis patients, and to establish periodontitis as one of the etiological factor leading to ACD.

MATERIALS AND METHODS {#sec1-2}
=====================

One hundred and fifty patients (men and women) aged between 20 and 55 years who visited the Department of Periodontics and Implantology, Dr. Sudha and Nageswara Rao Siddhartha Institute of Dental Sciences, Chinnaoutpalli, Gannavaram Mandal, were screened and recruited for the study. A total of 50 healthy controls (with gingival index criteria 0--1), 50 chronic generalized gingivitis patients (with gingival index criteria 2--3), and 50 chronic generalized periodontitis patients (30% or more of the teeth examined with ≥5 mm probing depth and ≥2 mm clinical attachment loss \[CAL\]) were selected for the study.

Inclusion criteria {#sec2-3}
------------------

Patients within age group 20--55 years, systemically healthy patients, healthy controls (with gingival index criteria 0--1), patients diagnosed with chronic generalized gingivitis (with gingival index criteria 2--3), patients diagnosed with generalized chronic periodontitis (30% or more of the teeth examined having ≥5 mm probing depth and ≥2 mm CAL) were included in the study \[[Table 3](#T3){ref-type="table"}\].

###### 

Distribution of male and females in three groups
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Exclusion criteria {#sec2-4}
------------------

Patients with systemic diseases, present and past smokers, patients who have undergone periodontal treatment 6 months prior to the study, patients with \<l teeth in the oral cavity were excluded from the study.

Method of collection of data {#sec2-5}
----------------------------

Healthy controls, chronic generalized gingivitis patients, chronic generalized periodontitis patients were initially screened for inclusion in the study. Periodontal status of the patients included in the study was recorded using gingival index (Loe and Silness 1963), plaque index (Silness and Loe 1964), Probing Pocket Depth, CAL. Under aseptic conditions, about 2 ml of venous blood was drawn from antecubital fossa using a disposable syringe. The collected blood samples were estimated by automated analyzer for a number of erythrocytes red blood cell (RBC), Hb% concentration, white blood corpuscles (WBC), MCV, MCH, MCHC, ESR, and packed cell volume (PCV).

Statistical analysis {#sec2-6}
--------------------

Intergroup comparison of blood parameters is by one-way ANOVA. Intergroup pairwise comparison of the three groups is by Newman--Keuls multiple *post-hoc* procedures. Karl Pearsons\'s correlation coefficient method is used for correlation between different parameters for three groups.

RESULTS {#sec1-3}
=======

Pairwise comparison of the three groups for RBC, Hb% by Newman--Keuls multiple *post-hoc* procedures showed no significant difference between control and chronic generalized gingivitis group and control and chronic periodontitis group. There is a statistically significant difference between chronic generalized gingivitis and chronic generalized periodontitis group for RBC \[[Table 4](#T4){ref-type="table"}, [Figure 1](#F1){ref-type="fig"}\]. There is a statistically significant difference between control and chronic generalized periodontitis group and chronic generalized gingivitis and chronic generalized periodontitis group for HB% \[[Table 5](#T5){ref-type="table"}, [Figure 2](#F2){ref-type="fig"}\]. Pairwise comparison of the three groups for WBC by Newman--Keuls multiple *post-hoc* procedures showed that there is no significant difference between control and chronic generalized gingivitis group and chronic generalized gingivitis and chronic generalized periodontitis group. There is a statistically significant difference between control and chronic generalized periodontitis group \[[Table 6](#T6){ref-type="table"}, [Figure 3](#F3){ref-type="fig"}\]. Pairwise comparison of the three groups for MCH, MCHC, MCV, and ESR by Newman--Keuls multiple *post-hoc* procedures showed that there is no statistically significant difference between control, chronic generalized gingivitis, and chronic generalized periodontitis groups \[Tables [7](#T7){ref-type="table"}--[10](#T10){ref-type="table"}, Figures [4](#F4){ref-type="fig"}--[7](#F7){ref-type="fig"}\]. Pairwise comparison of the three groups for PCV by Newman--Keuls multiple *post-hoc* procedures showed that there is no significant difference between control and chronic generalized gingivitis group and control and chronic periodontitis group but statistically significant difference was observed between chronic generalized gingivitis and chronic generalized periodontitis groups \[[Table 11](#T11){ref-type="table"}, [Figure 8](#F8){ref-type="fig"}\].

###### 

Comparison of three groups (control, chronic generalized gingivitis, and chronic generalized periodontitis group) with respect to red blood cell counts by one-way analysis of variance
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![Comparison of three groups (control, chronic generalized gingivitis, and chronic generalized periodontitis group) with respect to red blood cell counts](JISP-20-265-g005){#F1}

###### 

Comparison of three groups (control, chronic generalized gingivitis, and chronic generalized periodontitis group) with respect to Hemoglobin values by one-way analysis of variance
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![Comparison of three groups (control, chronic generalized gingivitis, and chronic generalized periodontitis group) with respect to hemoglobin values](JISP-20-265-g007){#F2}

###### 

Comparison of three groups (control, chronic generalized gingivitis, and chronic generalized periodontitis group) with respect to white blood cell counts by one-way analysis of variance
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###### 

Comparison of three groups (control, chronic generalized gingivitis, and chronic generalized periodontitis group) with respect to mean corpuscular hemoglobin scores by one-way analysis of variance
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###### 

Comparison of three groups (control, chronic generalized gingivitis, and chronic generalized periodontitis group) with respect to mean corpuscular hemoglobin concentration scores by one-way analysis of variance
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###### 

Comparison of three groups (control, chronic generalized gingivitis, and chronic generalized periodontitis group) with respect to mean corpuscular volume scores by one-way analysis of variance
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###### 

Comparison of three groups (control, chronic generalized gingivitis, and chronic generalized periodontitis group) with respect to erythrocyte sedimentation rate scores by one-way analysis of variance
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![Comparison of three groups (control, chronic generalized gingivitis, and chronic generalized periodontitis group) with respect to white blood corpuscles counts](JISP-20-265-g013){#F3}

![Comparison of three groups (control, chronic generalized gingivitis, and chronic generalized periodontitis group) with respect to concentration scores](JISP-20-265-g014){#F4}

![Comparison of three groups (control, chronic generalized gingivitis, and chronic generalized periodontitis group) with respect to mean corpuscular hemoglobin concentration scores](JISP-20-265-g015){#F5}

![Comparison of three groups (control, chronic generalized gingivitis, and chronic generalized periodontitis group) with respect to mean corpuscular volume scores](JISP-20-265-g016){#F6}
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###### 

Comparison of three groups (control, chronic generalized gingivitis, and chronic generalized periodontitis group) with respect to packed cell volume scores by one-way analysis of variance
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![Comparison of three groups (control, chronic generalized gingivitis, and chronic generalized periodontitis group) with respect to packed cell volume scores](JISP-20-265-g019){#F8}

Positive relationship exists among Hb%, RBC, MCH, PCV, and MCV in the control group \[[Table 12](#T12){ref-type="table"}\]. A positive relationship exists among Hb%, RBC, WBC in chronic generalized gingivitis group \[[Table 13](#T13){ref-type="table"}\]. A positive relationship exists among Hb%, RBC, PCV in chronic generalized periodontitis group \[[Table 14](#T14){ref-type="table"}\].

###### 

Correlation between different parameters in control group by Karl Pearson\'s correlation coefficient method
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###### 

Correlation between different parameters in chronic generalized gingivitis group by Karl Pearson\'s correlation coefficient method
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###### 

Correlation between different parameters in chronic generalized periodontitis group by Karl Pearson\'s correlation coefficient method
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DISCUSSION {#sec1-4}
==========

Localized infections of periodontal tissues which result in periodontitis can have a significant effect on the systemic health of an individual. As the periodontal tissues mount an immune inflammatory response to bacteria and their products, systemic challenges with these agents also induce a major vascular response. Infections, malignant cells, and autoimmune dysregulation all lead to the activation of the immune system and production of inflammatory cytokines (TNF-α, IL-1 and IL-6) which can depress Epo production leading to the development of anemia.\[[@ref11]\]

The present study was carried out to assess the effect of periodontal inflammation on peripheral blood in chronic generalized periodontitis patients. The relation between anemia and periodontitis has been explored in the latter half of the 20^th^ century. Few studies investigated both the concepts of anemia as an etiological factor of periodontitis and periodontitis as a risk factor of anemia. It was believed that anemia may be a factor in the causation of periodontitis rather than a consequence.\[[@ref10]\] Lainson *et al*. stated that anemia is a systemic cause of periodontitis.\[[@ref12]\]

Recently, various studies have tried to evaluate the relation between periodontitis and anemia. Few studies present conflicting results. Hutter *et al*. showed that periodontitis patients have a lower hematocrit, lower number of erythrocytes, lower Hb levels, and higher ESRs.\[[@ref13]\] Whereas, the studies by Wakai *et al*. failed to show any association between Hb and periodontal status.\[[@ref14]\] Balwanth Rai and Kharb (2008) in a 10 weeks intervention study found an increase of blood parameters in Hb and RBC levels in patients with severe periodontitis after scaling and root planning (SRP). A statistically significant increase in the mean Hb of 14.5 mg/dl at baseline to 15 mg/dl at 10 weeks after SRP was observed.

Most of these studies are epidemiological in nature. Our present cross-sectional study was carried out to identify the risk of periodontitis and anemia. It was carried out in 50 healthy controls, 50 chronic generalized gingivitis, and 50 chronic generalized periodontitis (male and female) patients to assess the effect of periodontal inflammation on blood parameters.

Seigel,\[[@ref15]\] Wakai *et al*.,\[[@ref14]\] Kowolik *et al*.,\[[@ref16]\] Hutter *et al*.,\[[@ref13]\] Loos,\[[@ref17]\] Gokhale *et al*.,\[[@ref1]\] Yamamoto *et al*.,\[[@ref18]\] Pejcic *et al*.,\[[@ref19]\] and Ali \[[@ref20]\] showed that periodontal inflammation results in decrease in number of erythrocytes and levels of Hb and increase in WBC count in accordance with our study. In our present study, the mean RBC value for the control group is 4.38 million/cu.mm, chronic generalized gingivitis is 4.56 million/cu.mm and chronic generalized periodontitis is 4.28 million/cu.mm. The mean Hb for the control group is 12.56 g%, chronic generalized gingivitis is 12.85 g%, and chronic generalized periodontitis is 11.79 g%. The mean WBC count in the control group is 7620 cells/cu.mm, chronic generalized gingivitis is 8120 cells/cu.mm, and chronic generalized periodontitis is 8664 cells/cu.mm. This implies that periodontitis like other chronic conditions may lead to anemia. This anemia is mild to moderate, and inflammatory cytokines may play the role in its pathogenesis.

CONCLUSION {#sec1-5}
==========

The present study showed that periodontal inflammation results in a decrease in a number of erythrocytes and levels of Hb. This implies that periodontitis like other chronic conditions may lead to anemia. This anemia is mild to moderate, and inflammatory cytokines may play the role in its pathogenesis and one of the benefits of its treatment would be an improvement in hematocrit and related hematological values of the patient.
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